Introduction
One possibility to elucidate the genetic predisposition of human obesity is the investigation of syndromal diseases, such as Prader±Willi syndrome (PWS) , that include extreme overweight as a symptom. This disease results from the absence of a normal paternal contribution to the 15q11±q13 region. 1 NDN, which codes for the nuclear protein necdin, is one of the candidate genes within the PWS deletion interval. The human gene is located approximately 100 kb distal to ZNF127 and 1±1.5 Mb proximal to SNURF-SNRPN. Like the mouse homolog the human necdin is maternally imprinted, with highest levels of expression in placenta and brain, where it is supposed to act as growth suppressor in postmitotic neurons. It encodes a protein of 321 amino acid residues Ð four residues shorter than the mouse protein. 2, 3 In this study we investigated the role of NDN for the origin of human obesity due to the following rationale: (i) NDN maps to the PWS region on chromosome 15q11±q13, and obesity is a major phenotypic feature of PWS; (ii) recent results suggest a contribution of NDN to the PWS phenotype; 4 and (iii) the clinical manifestations of PWS are consistent with a hypothalamic defect, 5 and in mouse brain sections NDN mRNA expression is highest in the hypothalamus, 6 an important control site for weight regulation.
Methods
Ninety extremely obese German children and adolescents (mean body mass index (BMI) 33.67 kgam 2 , mean BMI percentile 99.55, mean age 13.96 y) were recruited in hospitals specialized in the treatment of young patients with extreme obesity. This ascertainment strategy had been depicted in detail elsewhere. 7 Age-and gender-speci®c BMI percentiles had been previously determined in a representative German population sample. 8 A subgroup of these patients (eight probands) were characterized by underweight until the age of 2 y and subsequent obesity, thus displaying a weight development similar to PWS patients. Ninety-three healthy underweight probands (mean BMI 18.45 kgam 2 , mean BMI percentile 4.10, mean age 25.33 y) were students of the University of Marburg. They were characterized by (i) absence of somatic disorders and (ii) consumption 10 cigarettes per day. Written informed consent was given by all participants and, in the case of minors, their parents. This study was approved by the Ethics Committee of the University of Marburg.
The coding region and a part of the putative promotor were screened by single-strand conformation polymorphism (SSCP) analysis and subsequent sequencing in a study group of extremely obese German probands und underweight controls. Primer pair PRO-FaPRO-R was used to amplify a 232 bp DNA fragment in the putative promotor region. The primers used to amplify the coding region of NDN were: NDN-1FaNDN-1R, NDN-2FaNDN-2R, NDN-3FaNDN-3R, NDN-4FaNDN-4R, NDN-5FaNDN-5R. With the exception of primer pair PRO-FaPRO-R, where a special GC genomic PCR kit was used (Clontech, Heidelberg), we carried out standard PCR reactions consisting of 35 cycles of 95 C for 15 s, an annealing temperature of 60 C for 10 s, 72 C for 1 min and a 3 min ®nal extension step at 72 C. The binding sites and sequences of all oligonucleotides are indicated in Table 1 . After ampli®cation, the PCR products were screened by SSCP analysis as described previously. 9, 10 Allele determinations were performed independently by two experienced persons. Sequencing using PCR products was carried out by the dideoxy-chain termination method on an Applied Biosystems Model 310 DNA sequencer (PE Applied Biosystems, Weiterstadt).
After genotyping deviations from Hardy±Weinberg equilibrium were checked for each polymorphism and each study group upon use of the w 2 goodness-of-®t test at the 5% test-level. In order to evaluate the frequency of a certain allele in extremely obese probands compared to controls we performed the asymptotic two-sided Pearson's w 2 -test at the 5% test-level.
Results and discussion
In our population sample two polymorphisms could be detected: a g.1352T?C polymorphism in the putative promotor region and a silent g.2311C?T substitution in the coding region. Allele and genotype distributions concerning both polymorphisms are shown in Table 2 . In the case of the g.2311C?T transition all 90 extremely obese patients and 93 underweight students were genotyped (Table 2A) (Table 2B) . No deviation from Hardy±Weinberg equilibrium was detected (all nominal P b 0.38). The two-sided Pearson's w 2 -tests revealed a P-value 0.728 (g.1352T?C), and P 0.723 (g.2311C?T). Thus, our study failed to detect an association between obesity and alleles of these sequence variants. The eight extremely obese probands that were characterized by underweight in TCTCCTGCCCTACATCTTCTCAGCC  1154±1178  PRO-R  GATTCCTGGAGAGGAAGTGCGCGTT 1361±1385  232  NDN-1F  AAGAGCTCCTGGACGCAGAG  1407±1426  NDN-1R GGTCGCCCTCGTCGTTCGG  1634±1652  245  NDN-2F  AGCCGCAGAGCCCTCCTCTAG  1572±1592  NDN-2R GATGACATCTTTCACCATGTCTG  1818±1840  269  NDN-3F  TCATGTGGTACGTGCTGGTCAAG  1767±1789  NDN-3R AGGCCTGTCATGGGCATGCGGTTG  1999±1922  256  NDN-4F  AGGAGCTGGACAGGGTGGCGCTG  1974±1996  NDN-4R GGACGCGCTGGTACTTCAGGTA  2183±2205  231  NDN-5F  TCACTGAGGAGTTCGTCCAAATG  2157±2179  NDN-5R GAAACCATTCATCTGCCTCCAG  2426±2447  291 a Nucleotide positions are indicated according to Nakada et al. (Table 2) . Thus, it seems unlikely that these alleles play a major role in the origin of general human obesity. Ge Ârard and co-workers had noticed that mutant mice carrying a paternally inherited NDN deletion allele did not become obese during a 10-month observation period. 4 However, one might speculate that these mice did not grow old enough to develop obesity. Hence, further genetic studies of the NDN locus or other nearby loci are necessary to improve our understanding of the contribution of distinct genes in the PWS region to the regulation of body weight in humans.
